We present an isospin analysis of the decay modes B → DD, D * D , DD * and D * D * .
Introduction
Within the standard electroweak model, three angles of the Kobayashi-Maskawa (KM) unitarity triangle
denoted by φ i (i = 1, 2, 3), are determined from CP asymmetries in neutral B-meson decays to hadronic CP eigenstates [1, 2, 3] . It is expected that φ 1 ≡ arg(−V * cb V cd V tb V * td ) can be unambiguously extracted from the decay rate difference between B 0 d → ψK S andB 0 d → ψK S . While this decay mode should be sufficient for determining φ 1 , the initial luminosity of a B-meson factory may allow one to search for some additional decay channels which could help us establish the presence of CP violation as quickly as possible [4] . For this purpose, we shall investigate
in some detail.
In practical experiments the decay mode B d → D + D − should have fairly large branching ratio. Under SU(3) symmetry, one can make the following rough estimation:
where θ C is the Cabibbo angle, and B(B 
Isospin analysis
The effective weak Hamiltonians, responsible for B
and their CP -conjugate processes, have the isospin structures |1/2, −1/2 and |1/2, +1/2 respectively. The decay amplitudes of these transitions can be written in terms of the isospin amplitudes:
andĀ
Here A 1 (Ā 1 ) and A 0 (Ā 0 ) are the isospin amplitudes with I = 1 and I = 0, respectively.
Clearly the isospin relations (4) and (5) can be expressed as two triangles in the complex plane (see Fig. 1 for illustration):
One is able to determine the relative size and phase difference of isospin amplitudes A 1 (Ā 1 ) and A 0 (Ā 0 ) from the above triangular relations. Denoting
then we obtain
If z = 1 and θ = 0, for example, we find that |A 00 | = 0, i.e., the decay mode
Note that θ (θ) is in general a mixture of the weak and strong phase shifts, since both A 0 (Ā 0 ) and A 1 (Ā 1 ) may contain the tree-level and penguin contributions. This point can be seen more clearly if one writes the isospin amplitudes A I andĀ I (I = 1, 0) with the help of the low-energy effective ∆B = ±1 Hamiltonians. For example, A I can be given as
with
where Wilson coefficients c i and four-quark operators Q i at the scale µ = O(m b ) have been well defined in Ref. [7] . The expression ofĀ I is straightforwardly obtainable from Eq. (10) through the replacement (V *
The tree-and penguin-type hadronic matrix elements in S u I are expected to consist of different strong phases, and these phases should be different from those in S c I . This implies that the overall phases of A 1 (Ā 1 ) and A 0 (Ā 0 ) are non-linear combinations of the same weak phases and the different strong phases, therefore θ (θ) is neither purely weak nor purely strong.
Finally it is worth mentioning that the same isospin relations hold for the decay modes 
. The probability for observing such a joint decay event reads [3, 8] :
or
where [5] . By now the semileptonic
l have been well reconstructed [5] , i.e., |A l | has been detected independent of the above joint decay modes. Once R(l
) are measured, we shall be able to determine the quantities |A +− | (|A 00 |)
and
The time-independent measurements mentioned above allow one to construct the isospin triangles in Fig. 1 . Consequently the isospin parameters z (z) and θ (θ) are extractable in the absence of any time-dependent measurement. If the branching ratios of
are too small to be observable, then large cancellation between the isospin amplitudes A 1 (Ā 1 ) and A 0 (Ā 0 ) must take place. In the case that
, a lower bound on the rate of the latter decay mode is model-independently achievable from the isospin relations obtained above. Since cos θ ≤ 1, we get from Eq. (8) that
where tiny isospin (10) and (11), we obtain the following CP asymmetry:
where
is an angle of the KM unitarity triangle, and N 11 can be read from
CP asymmetries may manifest themselves on the Υ(4S) resonance:
If the decay modes B 
The validity of this relation is testable in the forthcoming experiments at a B-meson factory.
It is worthwhile at this point to give a brief comparison between the isospin language and the intuitive quark-diagram description for B → D In such an experimental scenario, the joint decay rates can be given as follows [8] :
where t is the proper time difference between the semileptonic and nonleptonic decays ‡ , and
stands for the phase information from B 0 d −B 0 d mixing [3] . For simplicity, we denote the phase difference between A 1 andĀ 1 as
In terms of the isospin parameters, coefficients of the sin(x d Γt) term in Eqs. (20) and (21) are given by Im q pĀ 
where φ 
will constrain ϕ, which may reflect the penguin-induced phase information in B → DD. shift. This will lead, for arbitrary values of θ andθ, to the results
As a straightforward consequence, one gets
i.e., the two isospin triangles in Fig. 1 become right-angled triangles. If θ =θ is further assumed, we obtain Im q pĀ
One can see that these two CP -violating quantities have the quasi-seesaw dependence on the isospin phase shift θ. The magnitude of sin(2φ ′ 1 ) turns out to be sin(2φ apparently independent of θ. Once the KM matrix elements have been determined, the relevant hadronic matrix elements (including their phase information) can be determined, through the isospin analysis, from some measurements of the decay rates and CP asymmetries.
In the appendix, we have made use of the effective weak Hamiltonian and naive factorization approximation to estimate the branching ratios of B 
where θ C is the Cabibbo angle, f X and g X * (X = D + or D take the time-like penguin contribution into account [10] . The annihilation and space-like penguin effects are expected to be negligible if we insist on the significant formfactor suppression associated with them ¶ . Then the overall decay amplitudes can be calculated, by use of the QCD-improved effective weak Hamiltonian and factorization approximation, in a renormalization-scheme independent way [11, 12] . Instead of repeating the technical details of such a treatment, here we only write out the resultant expressions of S 
